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Tt has been shown in a previous contribution (6) that the environmental 
conditions, such as reaction, moisture supply, and aeration, play an important 
role in the decomposition of various complex organic materials of plant origin. 
These conditions are influential in modifying the nature of the microórganisms 
taking an active part in the decomposition processes as well as the amount and 
extent of the organic complex as a whole, and its individual chemical constit- 
uents in particular. If the decomposition takes place under aerobic condi- 
tions, with a sufficient supply of air and an optimum moisture and tempera- 
ture, the reduction in the sugars, celluloses, hemicelluloses, fats, and proteins 
accounts for most of the plant materials that have disappeared. The lignins 
are much more resistant to decomposition than the polysaccharides and pro- 
teins and tend to accumulate; however, this resistance is relative rather than 
absolute in nature. When the plant material has a low nitrogen content, its 
decomposition is found to be accompanied by a relative and absolute increase 
in the protein or organic nitrogen content, due to the synthesizing activities of 
the microórganisms. These organisms derive their energy principally from the 
decomposition of the celluloses and hemicelluloses. As a result of this, the 
addition of inorganic nitrogen salts to plant materials poor in nitrogen and rich 
in polysaccharides will favor its breakdown by microórganisms. 

“ven after a considerable period of time (one to two years), a certain residue 
is left as a result of the decomposition of the plant materials under aerobic 
conditions at an optimum temperature and moisture. This residue has all the 
properties of the soil “humus.” It is made up chiefly of lignins or modified 
lignin complexes, of proteins and other organic nitrogenous complexes largely 
of microbial origin, of hemicelluloses partly of plant and partly of microbial 
origin, and of various substances in the process of decomposition or resulting 
from the decomposition of the plant constituents. This “humus” is not in a 
state of equilibrium but undergoes constant change in chemical composition. 
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A large part is soluble in alkali, giving a dark pigment, and is reprecipitated by 
acids, thus having the properties of the “humic acids" of the soil. 

To demonstrate the possible differences that may result from the decomposi- 
tion of organic substances under aerobic and anaerobic conditions, the following 
illustrations may be cited: 


When celluloses are decomposed under aerobic conditions by bacteria, fungi, or actino- 
myces, they do not yield any organic acids or alcohols, but they result in a more or less com- 
plete destruction of the polysaccharide with the liberation of considerable quantities of 
carbon dioxide; from 20 to 30 per cent of the energy may be utilized for the synthesis of 
microbial cell substance, rich in organic nitrogenous complexes, such as proteins, and of 
hemicelluloses and other extra-cellular and intra-cellular products of microbial metabolism 
(2). Whether the slimy substances produced are synthesized hemicelluloses or intermediary 
oxycelluloses (11) still remains to be determined. However, when celluloses are decomposed 
by bacteria under anaerobic conditions, large quantities of organic acids are produced (3, 4, 7). 

Under natural aerobic conditions, as in aerated fields or loosely kept manure piles, there isa 
continuous destruction of organic matter even where large quantities of plant residues are 
added to the soil every year. However, under anaerobic conditions, as in both acid and 
neutral peat bogs, there is a continuous accumulation of organic matter, the amount of decom- 
position being less than the yearly addition of the organic matter by natural vegetation. 

Although certain initial processes of decomposition may well go on under anaerobic condi- 
tions, as in sewage tanks, for the complete disintegration of the organic residues, proper aera- 
tion is required. 

Ina study made on the decomposition of immature oak leaves under aerobic and anaerobic 
conditions (10), it was shown that when the leaf material was saturated with water, the cellu- 
loses and hemicelluloses were decomposed much more slowly than when the material was under 
aerobic conditions; the fats and waxes were much more resistant to decomposition and the 
lignins were preserved almost quantitatively, whereas the protein content of the anaerobic 
material was considerably greater than that of the aerobic compost because of the greater 
decomposition of the proteins and losses of the nitrogen in the form of ammonia in the aerobic 
compost. 


These few examples are sufficient to illustrate the differences that may be 
expected from a comparative study of the decomposition of organic substances 
under aerobic and anaerobic conditions. They will probably tend to throw 
some light upon the differences in the nature of organic matter in aerated soil 
and in peat bogs, if such a difference exists at all. 

In order to determine to what extent the decomposition processes are in- 
fluenced by a change in environmental conditions, a series of experiments were 
outlined in which the material undergoing decomposition was saturated with 
water to exclude the free admission of oxygen. Under these conditions, the 
fungi, most actinomyces, and many aerobic bacteria are excluded, except at the 
very surface of the material, which is in contact with air. The anaerobic and 
facultative anaerobic bacteria are largely concerned in the decomposition of the 
various chemical plant constituents under these conditions. To bring about 
anaerobic conditions, it is not necessary to exclude the air completely. It is 
sufficient to cover the plant material undergoing decomposition completely 
with water, thus reducing the oxygen tension sufficiently to favor the develop- 


COMPOSITION OF NATURAL ORGANIC MATERIALS: V 145 


ment of anaerobic organisms and make conditions unfavorable for the strict 
aerobic forms. 

Five different plant materials, the same as those used in the aerobic decompo- 
sition study reported previously (6), were selected for this study; namely, (a) 
mature corn stalks and leaves, (b) rye straw, (c) mature yellow oak leaves, 
freshly fallen to the ground, (d) mature alfalfa plants, freshly harvested, (e) the 
green, growing portion of sphagnum plants, consisting largely of Sph. acuti- 
folium. These plant materials were chopped into small pieces and sufficient 
quantities placed in large glazed earthenware pots to give 200 to 300 gm. of the 
dry plant substance for each pot. The material was then saturated with 
distilled water, an excess of free water always being present on the surface of 
the decomposing mixture. All the pots were then inoculated with a suspension 
of fresh garden soil, covered with plates, and incubated at 25 to 28°C. 

At various intervals of time, the contents of each pot were removed and 
weighed, the liquid being measured separately; several aliquot portions of the 
material were then removed from both the solid and liquid portions for the 
various analyses. Some of the determinations; namely, ammonia, total nitro- 
gen, total dry matter, and water-soluble substances, were made on the fresh 
portions of material; but the complete analyses were carried out with samples 
which had previously dried enough to remove the excess of water. 

The methods of analyses were those previously described (9), with certain 
slight modifications. The results were calculated on the basis of the percentage 
of the residual material as well as on the total original material, allowance being 
made for the samples removed at different times. In other words, the results 
are reported in two ways: 1. On the percentage basis of the material left after 
various periods of decomposition; this enables one to determine the relative 
changes in the concentration of the various chemical constituents with the 
progress of decomposition; it also tends to show the progressive formation of the 
so-called “humus” material, or substances left and those newly formed with the 
advance of decomposition of various plants. 2. On the basis of the total con- 
centration of the various chemical complexes in the original and in the decom- 
posed material; these data help to visualize even more rapidly the nature of the 
transformation of the plant material, considered from the point of view of the 
various chemical complexes that go into its make-up. In dealing with a rela- 
tively small quantity of material, the removal of samples at the various periods 
will involve certain errors in the calculation of the total and relative composi- 


tion of the residue, unless careful record is kept of the amounts removed at the 
various periods. 


ANAEROBIC DECOMPOSITION OF CORN STALKS, RYE STRAW, AND OAK LEAVES 


The corn stalks used in these experiments were rich in water-soluble sub- 
stances, including reducing sugars and nitrogen compounds. The organic 
matter as a whole has undergone very rapid decomposition even under anae- 
robic conditions, but the rate and extent of decomposition are much less than 
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under aerobic conditions. A comparison of the results presented in tables 1 and 
2 with those reported previously (6) on the aerobic decomposition of plant 
substances, shows that after 27 days, 20.19 per cent of the total material was 
decomposed under anaerobic conditions, whereas 36.46 per cent disappeared in 
that same period of time in the aerobic experiments. After 498 days decompo- 
sition, 38.18 per cent of the total organic matter was left in the anaerobic 


TABLE 1 


Chemical composition of corn stalks and decomposed residues, at different stages of decomposition, 
under anaerobic conditions 


On the basis of dry material 


MATERIAL AFTER DAYS OF 


CHEMICAL CONSTITUENTS SIGNAT INCUBATION 
27 135 498 

per cent fer cent per cent per cent 
Ειπει-οοἰμρ|ε.................--------ννννν. 1.80 1.31 2.63 1.78 
Χαίει-οο]ιὈίε............ὀνὀὀὀὀννννννννννννν 14.18 7.89 7.21 4.71 
Ηεπιςεί]μ[οβες...............-.--.------..... 17.63 16.76 17.43 16.27 
Cellulose... uve re a eee ned 29.67 28.51 20.40 26.03 
Lignin.. usos RR rer aU: NUS ο 11.28 14.65 15.96 19.89 
Crude protein. s ass sirean si d panar cece eee 1.98 3.93 9.63 8.94 
Total: N) oenen ete a a ert (0.73) (0.94) (1.79) (1.70) 

TABLE 2 


Total decomposition of the various chemical constiluents of corn stalks, under anaerobic conditions 


MATERIAL LEFT AFTER DAYS OF DECOMPOSITION 


ORIGINAL 27 135 498 
ORGANIC CONSTITUENIS MATE- 
RIAL Total Per cent Total Per cent Total Per cent 
residue original residue original residue original 

gm. gm. gm. gm. 
Total dry material............ 203.00| 162.00| 79.81} 132.50) 65.27, 77.50 38.18 
Ether-soluble fraction. . ....... 3.65} 2.13| 58.36, 3.48| 95.57 1.37 | 37.67 
Water-soluble fraction......... 28.71| 12.78) 44.52 9.54| 33.21| 3.65 12.70 
Hemicelluloses................ 35.79, 27.13) 75.79} 23.09] 64.50) 12.61 | 35.22 
ςεἰίμ]οβο..................... 60.24! 46.14) 76.60, 28.53! 47.35) 20.17 33.48 
Lignin.-. nel rt eve 22.90| 23.73| 103.60! 21.15| 92.34| 15.42 67.32 
Crude protein................ 4.06|  6.38| 157.02! 12.77! 314.41| 6.93 | 170.56 


system, and only 22.30 per cent (residual organic matter calculated on the per- 
centage basis of the original fresh plant substance) was left in the aerobic mix- 
ture after a shorter period of time, namely after 405 days. In other words, the 
aerobic decomposition of the same plant substances resulted in a considerably 
smaller residue than in the anaerobic transformation, as far as the disappear- 
ance of the organic material as a whole is concerned. 

A comparison of the disappearance of the individual chemical constituents 
under both sets of conditions, brings out even more striking differences. Of 
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the three most important groups of chemical complexes in the corn stalks and 
leaves; namely, those of the hemicelluloses, celluloses, and lignins, the following 
corresponding quantities were decomposed within 27 days under aerobic condi- 
tions: 41.07, 43.56, and 0; whereas under anaerobic conditions, the following 
corresponding amounts have disappeared in the same period of time: 24.21, 
23.40, and 0. In other words, within the first 4 weeks of decomposition, the 
complex polysaccharides decomposed twice as rapidly when air was freely 
admitted to the compost. The lignins were resistant to attack by micro- 
organisms under both sets of conditions; however, when decomposition finally 
set in, it was much slower under the anaerobic conditions than under the 
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TOTAL COLD-WATER HEMI - CELLULOSES LIGNINS CRUDE 
MATERIAL SOLUBLE CELLULOSES PROTEIN 
A, ORIGINAL MATERIAL; B, LEFT AFTER 27 DAYS OF DECOMPOSITION; C, LEFT AFTER 135 DAYS 
OF DECOMPOSITION; D, LEFT AFTER 498 DAYS OF DECOMPOSITION 


Fic. 1. ANAEROBIC DECOMPOSITION OF CorN STALKS 


aerobic: 20.57 per cent of this group of complexes disappeared after 68 days in 
the aerobic system, but only 7.66 per cent of the lignins were lost after 135 days 
incubation under the anaerobic conditions; after 405 days, 42.93 per cent of the 
total original lignin material (including also the variously modified lignin com- 
plexes and their derivatives) was left in the aerobic system, whereas 67.32 per 
cent of this group of substances remained in the anaerobic system, even after 
498 days decomposition. In other words, less than a third of the lignins 
disappeared after a period of nearly a year and a half, under the most favorable 
temperature conditions. One should mention in this connection that a heavy 
growth of fungi, actinomyces, and aerobic bacteria on the surfaces of the liquid 
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covering the plant material in the anaerobic system does not exclude the 
possibility that a certain amount of the plant constituents has undergone also 
an aerobic decomposition. 

Figure 1 illustrates the gradual changes that have taken place in the process 
of transformation of corn stalks when saturated with water, thus excluding a 
rapid supply of air and favoring the development of anaerobic bacteria, in 
preference to fungi, actinomyces, and facultative aerobic bacteria which could 


TABLE 3 


Chemical composition of rye straw and decomposed residues, at different stages of decomposition, 
under anaerobic conditions 


On basis of dry material 


MATERIAL AFTER DAYS OF 


CHEMICAL CONSTITUENTS ο INCUBATION 
84 163 491 

per cent fer ceni fer cent per cent 
Ειπε.-5οἰμδίε............................... 1.84 1.97 1.59 1.47 
Υαιετ-οἰμὈίε..................----------... 6.26 3.94 3.40 1.77 
Hemicelluloses..............0 0c cece eee e ee eee 21.10 20.36 19.48 19.30 
Cellulose... ipee cv Re ns 38.52 35.05 31.31 34.81 
ignite ss ocn ο ο ο ER EUIS 14.63 14.38 16.32 19.28 
Crude protein... 0.0.0.0... cece eee ee eee eee 0.81 1.38 3.10 3.82 
(Total Νο ο cue e a esta e ars (0.28) | ..... (0.56) (0.61) 


TABLE 4 
Total decomposition of the various chemical constituents of rye straw, under anaerobic conditions 


MATERIAL LEFT AFTER DAYS OF DECOMPOSITION 


ORIGINAL 84 163 491 

ORGANIC CONSTITUENTS MATES | | ee μμ ου ωω 

MAL Total Per cent Total Per cent Total per cent 

residue original residue original residue original 

£m gm. gm. £m 

Total. «iei uer eR ouod 276.90; 257.20| 92.89| 217.30] 78.48| 181.24| 65.43 
Ether-soluble................. 5.10| 5.05) 99.02} 3.53| 69.12} 2.71| 53.14 
Water-soluble................ 17.34] 10.13} 58.42; 7.43; 42.82) 3.26) 18.80 
Hemicelluloses............... 58.42! 52.33 89.57} 42.19] 72.21] 34.90) 59.74 
Cellulose. cote 106.66| 90.14! 84.51| 68.03! 63.78) 62.92, 58.99 
ο ο να vere Sere 40.51] 36.99| 91.30| 35.50ἱ 87.63) 34.92) 86.20 
Crude protein................ 2.25| 3.59} 159.56} 6.56) 291.56) 7.05} 313.11 


develop only on the surface of the liquid. The water-soluble substances, cellu- 
loses, and hemicelluloses have decomposed more rapidly than the total organic 
matter, whereas the lignins have decomposed much more slowly; the proteins or 
complex nitrogenous organic substances have accumulated not only relatively 
but also in actual concentrations when compared with the initial concentration 
of these complexes in the fresh plant material, taken as 100 per cent. 
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Results on the rapidity of aerobic and anaerobic decomposition of rye straw, 
similar to those obtained on the decomposition of corn stalks and leaves, are 
given in tables 3and 4. Both the total and the individual chemical constit- 
uents of this plant material, with the exception of the cold-water-soluble 
substances, were found to decompose generally much more slowly than those 
of the corn stalks. Under aerobic conditions, 17 per cent of the straw decom- 
posed in 66 days and 29 per cent in 143 days, whereas, under anaerobic condi- 
tions, 7 and 21.5 per cent were decomposed in 84 and 163 days respectively. 
The three most important chemical groups; namely, the celluloses, hemicellu- 
loses, and lignins, were found to have decomposed also much more slowly under 
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Fic. 2. ANAEROBIC DECOMPOSITION OF RYE STRAW 


anaerobic than under aerobic conditions. In the aerobic system, in the absence 
of nutrient salts, 46.8 per cent of the hemicelluloses, 51.3 per cent of the cellu- 
loses, and 20.3 per cent of the lignins disappeared in a period of 386 days; the 
corresponding quantities of the chemical constituents of this plant substance 
that have decomposed under anaerobic conditions were 40.3, 41.0, and 13.8 per 
cent. Figure 2 illustrates graphically the changes that have taken place in the 
anaerobic decomposition of rye straw. The water-soluble substances were 
rapidly attacked, these were followed by the celluloses and hemicelluloses. 
The lignins were very resistant, and the organic nitrogenous compounds 
rapidly accumulated. 
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The difference in the rapidity and nature of decomposition of natural plant 
substances under the two sets of conditions is especially marked in the oak 
leaves (tables 5 and 6). More than twice as much of the total organic matter 
decomposed under aerobic conditions as under anaerobic. When the material 
was properly aerated (about 200 per cent moisture), 42.15 per cent of the total 
organic matter, 45.09 per cent of the hemicelluloses, 62.56 cellulose, and 15.03 


TABLE 5 
Chemical composition of oak leaves and decomposed residues, at different stages of decomposition, 
under anaerobic conditions 


On the basis of dry material 


MATERIAL AFTER DAYS OF 


CHEMICAL CONSTITUENTS oer DECOMPOSITION 
84 163 491 

per cent per cent percent per cent 
Ειπει-εοἰαὈίε......................----.--... 3.71 2.91 3.33 2.53 
Water-soluble......... sees 13.93 5.83 4.49 2.12 
Ηεπιἰςε[[μ]οβ65.............................. 12.93 14.20 13.37 14.54 
Cellülosé ο ο ο ο ERO eR S 13.78 13.49 11.75 13.87 
Lignin. rere ren Ep EC σα 30.30 33.42 35.74 40.32 
Crude protein... 0.0.0... cece cece eee eee 4.25 5.94 6.05 7.29 
(Total N) ος ο ος ο ο ο. (0.82) (1.00) (1.03) (1.17) 


TABLE 6 
Total decomposition of the various chemical constituents of oak leaves, under anaerobic conditions 


MATERIAL LEFT AFTER DAYS OF DECOMPOSITION 


ORIGINAL 84 163 491 
ORGANIC CONSTITUENTS MATE- See uade Sag als 
RUAL Total | Pet çent Total Per cent Tota] | Percent 
residue ‘orginal residue original residue original 

gm. £m. £m. gm 
να e: voce ERES 222.60| 204.39} 91.82) 199.50] 89.70) 180.10| 80.75 
Ether-soluble................. 8.27 5.98 72.31 6.65} 80.35 4.56} 55.08 
Water-soluble................ 31.06) 11.89) 38.27 8.94! 28.78 3.82} 12.30 
Hemicelluloses................ 28.85| 29.00| 100.52! 27.66| 92.41| 26.19 90.77 
ςεἰμ]οβδβ..............-..-... 40.73) 27.58| 89.74! 23.43) 76.25| 24.97! 81.26 
Lignins...2:: eee e 67.57| 68.27, 101.04, 71.29| 105.50) 72.62! 107.47 
Crude proteins............... 4.25| 12.17| 286.36, 12.07, 284.00} 13.12) 308.71 


lignin disappeared in 286 days. Under anaerobic conditions, the correspond- 
ing quantities that disappeared in 491 days were 19.25, 9.23, 18.76, and 0 per 
cent The lignins in the oak leaves did not decompose at all under anaerobic 
conditions; the hemicelluloses came next in slowness of decomposition. 

The accumulation of proteins was in all cases greater under anaerobic than 
under aerobic conditions. This may be due to the more economic use of the 
nitrogen, to the smaller loss of ammonia, or to a smaller decomposition of the 
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synthesized proteins in the anaerobic system. Figure 3 shows the relatively 
marked preservation of the oak leaves, as a whole, under anaerobic conditions. 
The most marked phenomenon is the complete lack of decomposition of the 
lignins. "Whether this is because the lignins of the oak leaves are of a different 
nature from those of corn stalks, since they have a higher fat and wax content, 
or because of some other factors, still remains to be determined. The much 
greater resistance of the hemicelluloses than of the celluloses in the case of this 
‘plant material also deserves special consideration. This is probably because 
the chemical composition of the hemicelluloses in oak leaves is quite markedly 
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Fic. 3. ANAEROBIC DECOMPOSITION OF OAK LEAVES 


different in the tree product from those in the corn residue or the cereal straw, 
as will be shown in a later publication. 


DECOMPOSITION OF ALFALFA PLANTS 


The alfalfa plant differed in chemical composition from the other plant 
materials, especially in its considerably higher nitrogen content. This material 
also underwent much less decomposition under anaerobic conditions than under 
aerobic. This is true not only of the total plant substance but also of the cellu- 
loses and hemicelluloses. The lignins of the alfalfa plant did not decompose at 
all in the anaerobic system within a period of 498 days, whereas in the aerobic 
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system, a marked decomposition of the lignin complexes took place, 40 per cent 
disappearing within 405 days (tables 7 and 8). 

The proteins in the alfalfa underwent an immediate and rapid decomposition 
under the aerobic conditions; since the amount of nitrogen was greater than 
that required for synthetic activities by the microórganisms that bring about 
the decomposition of the celluloses and the hemicelluloses, a large part of the 


TABLE 7 


Chemical composition of alfalfa and decomposed residues, at different stages of decomposition, under 
anaerobic conditions 


On the basis of dry material 


MATERIAL AFTER DAYS OF 


CBEMICAL CONSTITUENTS πως INCUBATION 
27 135 498 

per cent per cent per cent per cem 
Ether-soluble.............. 0.0 c ese eee eens 2.75 2.37 3.29 2.17 
Υαιεταοἰαδρίε...................------.ον... 17.24 12.18 13.63 6.74 
Ηεπιςεί]υ]οβθβ.............................. 8.52 7.69 7.87 8.65 
Cellulose: vies rwn Aou Re ce bie bees 26.71 18.55 17.96 25.03 
Πο Rer ος 10.78 14.89 18.61 23.67 
Crude protein.......... 0... cece eee e eee ων ως 8.13 14.91 21.44 8.51 
(TotaLN) ον ése qa are ow re FR δε crei (2.62) (3.75) (4.05) (1.89) 


TABLE 8 
Total decomposition of the various chemical constituents of alfalfa, under anaerobic conditions 


MATERIAL LEFT AFTER DAYS OF DECOMPOSITION 


ORIGINAL 27 135 498 

ORGANIC CONSTITUENTS MATRE | oo Duo oT unl tet 

RIAL, Total ἘΠ Total Per cent Total Percent 

residue original residue original residue original 

gm. gm. gm. gm. 

Total dry material............ 260.00! 190.50] 73.27, 148.50) 57.12] 118.00| 45.38 
Ether-soluble fraction......... 7.15) 4.52) 63.15) 4.90] 68.54) 2.56) 35.73 
Water-soluble fraction......... 44.82; 23.19) 51.74) 20.24) 45.16) 7.95) 17.74 
Hemicelluloses................ 22.16] 14.66) 66.13) 11.68] 52.72) 10.20} 46.03 
Οεἰ]η[οσε..................... 69.45 35.34) 50.89! 26.68! 438.41] 29.54) 42.72 
ο πώ ο πο 28.03! 28.37! 101.21] 27.64, 98.59) 27.93 99.64 
Crude protein................ 21.14; 28.40) 134.32) 31.86| 150.71| 10.04| 47.47 


nitrogen was liberated as ammonia and lost into the atmosphere. Under the 
anaerobic conditions, however, the nitrogen was largely preserved and only 
after 135 days of decomposition were any losses observed. This is brought out 
in table 9. The percentage of nitrogen in the compost at first increases, the 
total amount of nitrogen remaining constant. There was, however, a drop in 
the percentage of nitrogen as well as in the total nitrogen in the compost after 
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135 days of incubation. A rapid decrease in the amount of ammonia also 
began about that time. Figure 4 shows graphically the transformation of the 
alfalfa plant constituents when allowed to decompose in a medium saturated 
with water. The decomposition of the water-soluble constituents, celluloses, 
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110. 4. TRANSFORMATION OF ALFALFA PLANT CONSTITUENTS IN A WATER-SATURATED 
MEDIUM 


TABLE 9 
Nitrogen losses in the decomposition of alfalfa under anaerobic conditions 


c M A — LI ud 
days per ceni per cent fer ceni gm. 
0 2.62 0.04 1.5 6.81 
27 3.75 1.07 28.5 7.15 
135 4.05 1.09 26.9 6.02 
498 1.89 0.22 11.6 2.23 


and hemicelluloses is similar in a way to the other plant substances; the com- 
plete preservation of the lignins is similar to the processes in the oak leaves, but 
the transformation of the organic nitrogenous compounds is quite characteristic 
of this plant substance. 
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AEROBIC AND ANAEROBIC DECOMPOSITION OF SPHAGNUM PLANTS 


The decomposition of the sphagnum plants took place in a manner strikingly 
different from that of the other plant substances (tables 10 and 11). The 
decomposition of this material as a whole as well as of some of its chemical con- 


TABLE 10 


Chemical composition of sphagnum at different stages of decomposition under aerobic and anaerobic 
conditions 


On the basis of dry material 


MATERIAL LEFT AFTER DECOMPOSITION 
ORIGINAL 

CHEMICAL CONSTITUENTS SPHAG- Aerobic Anaerobic 
NUM 


163 days | 508 days | 163 days | 508 days 


percent | per cent | percent | percent | percent 


ἘΕιπει-οοἰωὈίο....................--.......... 1.11 | 1.23] 1.07] 1.46] 1.50 
Water-soluble (cold and hot). ................. 6.95 | 1.95| 2.39| 1.56| 0.97 
Ηεπιἱςεἰ]α[οββ...............-...---......... 27.73 | 28.40 | 25.73 | 28.30 | 24.70 
ΟεΙά]οξδ. ιν o rra Race ew KR ES 19.21 | 15.64 | 16.51 | 14.58 | 16.11 
Lignih..-. ο ο ο ο 7.33 | 7.43] 8.73 | 8.26] 9.86 
Crude protein. ...... llle S.50 | 4.81] 4.41 | 5.35 | 3.85 
Total No. sic imu RU ceres be ts 1.10 | 1.05] 0.86| 1.06| 0.71 
NH EN epe aee pr HEN Y ce c apa ea φῇ 0.12 | 0.36| 0.23 | 0.28 | 0.06 
TABLE 11 
Total decomposition of the various chemical constituents of sphagnum, under aerobic and anaerobic 
conditions 
MATERIAL LEFT AFTER DECOMPOSITION 
ORIGI- 
ORGANIC CONSTITUENTS MATE: Aerobic Anaerobic 

= 163 days 508 days 163 days 508 days 

gm. gm. percent| gm. per cent gm. per ceni gm. fer cent 
Total seiere ve 106.80| 94.55| 88.53| 76.60| 71.72| 97.90| 91.67| 96.60, 90.45 
Ether-soluble........... 1.19} 1.16| 97.48| 0.82| 68.91! 1.43|120.17| 1.44121 01 
Water-soluble (cold and 

hot)... zer 7.42| 1.88| 25.34) 1.83) 24.59} 1.53| 20.55! 0.94] 12.61 

Hemicelluloses.......... 29.62| 26.82| 90.53| 19.72) 66.58| 27.70) 93.52) 23.85| 80.52 
Cellulose............... 20.54] 14.78, 72.00) 12.64) 61.58] 14.27] 69.55) 15.56 75.83 
Lignin................. 7.83| 7.01| 89.53} 6.70| 85.57| 8.08|103.70] 9 52112158 
Crude protein. ......... 5.87| 4.55| 77.43| 3.40, 57.84) 5.23) 89.10! 3.71) 63.21 
ΤΟΙΑΙΝ............... 1.17] 0.99} 84.61] 0.66) 56.41! 1.04) 88.89! 0.69| 58.97 
NHN. exa 0.14| 0.34,242.86| 0.18/128.57| 0.27192.86| 0.06| 42.86 


stituents was considerably slower than that of any other plant material pre- 
viously tested; this was especially true under the anaerobic conditions, when 
less than 10 per cent of the total material disappeared within a period of 508 
days. The most interesting phenomenon in the decomposition of the sphag- 
num plants is the fact that, next to the water-soluble substances, the proteins 
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or the organic nitrogenous compounds decomposed more rapidly than any other 
group of chemical constituents, both under aerobic and anaerobic conditions. 
This is quite contrary to the observations recorded for the other plant materials, 
when the proteins gradually accumulated, frequently to a concentration several 
times greater than in the original material. Only in the case of alfalfa, with a 
very high initial nitrogen content, did the organic nitrogen content diminish 
after several weeks. In the corn stalks, the initial nitrogen content of 0.73 per 
cent increased to 1.79 per cent of the residual material, after 135 days under the 
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anaerobic conditions; in the oak leaves, with a rather limited total decompo- 
sition, the increase was from 0.82 to 1.17 per cent; in the sphagnum plants, 
however, under the same conditions, the nitrogen decreased from 1.17 per cent 
in the original undecomposed plants to 0.69 per cent in 508 days. 

These marked differences in the behavior of the sphagnum plants explain 
two phenomena commonly observed in peat bogs; namely, the ability of the 
sphagnum plants to grow continuously in such a poor medium as the sphagnum 
bog, especially that of the highmoor type; and the formation of large quantities 
of ammonia as a result of decomposition of sphagnum peat (5,9). In the 


156 FLORENCE G. TENNEY AND SELMAN A. WAKSMAN 


absence of plants that are capable of assimilating the ammonia formed as a 
result of the rapid decomposition of the nitrogenous compounds, the ammonia 
will at first accumulate and then gradually be lost into the atmosphere, since 
nitrifying bacteria are unable to live in such a highly acid medium as the 
sphagnum bog represents. This is clearly shown in the figures for total and 
relative quantities of total and ammonia nitrogen (table 11). 

Next to the organic nitrogenous compounds in rapidity of decomposition of 
the various chemical constituents of the sphagnum plants came the celluloses; 
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these were followed by the hemicelluloses. The ether-soluble substances and 
the lignins of the sphagnum plants were most resistant to decomposition. A 
certain amount of degradation of these two groups of complexes took place 
under aerobic conditions; in the anaerobic system, however, these two com- 
plexes did not decompose at all and actually increased not only relatively but 
absolutely. Whether this increase is due to an error in the experimental deter- 
mination or whether substances of a similar nature were actually synthesized 
by the microórganisms in the anaerobic system still remains to be seen. Fig- 
ures 5 and 6 illustrate the processes of transformation of the sphagnum plants 
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as a whole and of their various chemical constituents decomposing under 
aerobic and anaerobic conditions. 

'To permit a comparison at a glance of the difference in the rapidity of decom- 
position of two plant materials in a compost to which air was admitted freely 
(aerobic) and one saturated with water (anaerobic), the results for corn and 
alfalfa have been redrawn in figures 7 and 8. These figures help one to visualize 
further, also, the influence of the two sets of conditions upon the decomposition 
of the various chemical complexes in the two plant materials. Although the 
total amount of decomposition of the celluloses and hemicelluloses was more 
rapid than that of the entire material, the decomposition of the lignins was 
much slower, whereas the rate of accumulation of the organic nitrogenous com- 
pounds (proteins) was at first very rapid, then gradually diminished. The 
curve for protein accumulation is just the reverse of the curves of cellulose 
and hemicellulose decomposition. They just compensate one another, the 
fermer being directly dependent upon the other, the synthesis of the proteins 
being a direct result of the utilization of the polysaccharides as sources of energy 
by the microórganisms. 


DISCUSSION 


Under anaerobic conditions, plant materials as a whole decompose much 
more slowly than under aerobic conditions. The difference in the rapidity of 
decomposition of the various chemical constituents is even more striking. 
This is true especially of the lignins and organic nitrogenous complexes, when 
compared with the decomposition of the celluloses and hemicelluloses. 

These results dealing with the decomposition of various plant materials under 
anaerobic conditions also explain fully the differences in the chemical composi- 
tion of lowmoor and highmoor peats or between those peats that have been 
formed from the decomposition of herbaceous (Cladium, Carex, Phragmites) 
and of woody plants, on the one hand, and peat that has been formed largely 
from sphagnum plants, on the other hand. It will be recalled (8, 9) that the 
organic matter of lowmoor peats is characterized by a high protein and lignin 
content, and by a low content of celluloses (frequently none), hemicelluloses, 
and ether-soluble substances. On the other hand, the sphagnum peats are 
characterized by a low protein and a relatively low lignin content, and by high 
amounts of celluloses, hemicelluloses, and ether-soluble substances. The 
studies reported here on the anaerobic decomposition of corn stalks, rye straw, 
and oak leaves, on the one hand, and of sphagnum, on the other, readily explain 
these differences in the chemical composition of the two types of peat. The 
lowmoor peat is made up of plants in which the celluloses and hemicelluloses 
decompose rapidly while the lignins and proteins accumulate, the latter 
through the synthesizing agencies of microórganisms that use the polysac- 
charides as sources of energy. In the decomposition of sphagnum plants, low in 
lignins, in highmoors, the organic nitrogenous complexes are rapidly attacked; 
the nitrogen thereby made available cannot be utilized by microórganisms in 
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the absence of readily available sources of energy, since the polysaccharides of 
the sphagnum plants are rather resistant to decomposition. 
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